Purpose -The purpose of this paper is to consider two global real estate periods (2000-2006 and 2007-2008) that will probably be recorded in history as the most significant periods in terms of a surge and then an eventual downturn in the real estate prices and returns. The paper aims to offer investment strategies in the real estate sector and pinpoint the optimum momentum strategies that provide the maximum returns in the real estate investment trusts (REITs) markets of seven countries. Design/methodology/approach -Within an iterative framework, a two-step procedure was employed. The first step drew upon an established momentum approach. The second step, however, departed from it and employed an evolutionary (genetic) algorithm to optimize the investment strategies that could be pursued. Findings -The findings suggest that momentum effects have been present during the 2000-2008 periods. However, in contrast with prior studies, momentum portfolio returns are statistically insignificant during the boom years, but are highly significant during the downturn periods. These findings are attributed to the heterogeneous returns during these periods. Practical implications -Profitable REITs momentum investment is not uniform across the countries considered. Taking long positions in the winners and short positions in the losers during the boom periods in the real estate market may not necessarily be an optimum strategy. Since the profitability of the investment strategy during the downturn is driven by short positions, the practical implementation of such strategy will be limited if short sales constraints are imposed. Originality/value -The paper employs a unique and novel approach for the first time in the field of real estate investment. It introduces genetic algorithm into the momentum literature. This approach pinpoints the optimum profitability of the momentum/persistence strategies that could be pursued.
Introduction
The industry has also gone through other substantial changes in recent years. For example, the slide in the number of REITs in recent years could be partially attributed to an accelerated number of buyouts, mergers, and privatization in this sector -just over $78.0 billion in [2005] [2006] . Notwithstanding these changes, the composition of the existing global REITs is heavily tied with the US economy. In terms of REITs' market capitalizations and numbers, the following percentages for major global REITs are noteworthy (percent of total billion US dollars/percent of total numbers): the USA 68/46, Australia 14/11, Japan 6/12, France 3/3, The Netherlands 3/2, and Canada 2/7.
Yet, concurrent with these changes, investment strategists have ceaselessly continued their search for optimal positions in single, multiple, and in particular global markets. In response to these demands, the area of investment strategies has gone through substantial novelties and refinements. For instance, the field of behavioral finance has put forward a number of behavioral models based on the notion of investors' underreaction to new information, delayed overreaction, as well as other behavioral biases (De Bondt and Thaler, 1985; Barberis et al., 1998; Daniel et al., 1998; Hong and Stein, 1999) . In support of these efforts, a growing body of literature has also developed theoretical and empirical models to establish some degrees of profitability (and loss prevention) through momentum (and contrarian) effects and their persistence. There is now a respectable body of literature that documents the presence of these effects in the USA and international markets (see, among others, Jegadeesh and Titman, 1993; . In addition, a large literature has developed on the determinants and explanations of momentum profits as well.
Examining REITs globally, our purpose in this paper is to take a task and extend some of the above developments. Our main intention is to identify some investment strategies that global REITs could offer the investors worldwide. Building on an established momentum strategy, we employ an evolutionary (genetic) iterative extremization methodology to pinpoint the optimum profitability of the momentum/persistence strategy and fine-tune its process. In addition to this main objective, the paper also contributes to the literature on the predictability of real estate securities returns over short to medium horizons. Our findings suggest that momentum effects have been present during the 2000-2008 periods. However, in contrast with prior studies, momentum portfolio returns are insignificant during the boom years, but are highly significant during the downturn periods.
The remainder of this paper is organized as follows. Sections 2 and 3 provide an overview of momentum investing in general, and in the REITs, respectively. Section 4 includes a briefing on the data, their sources, and the sub-samples that we have employed. Section 5 presents the methodology and Section 6 discusses our empirical results. The last section includes the summary and conclusions. JERER 3,2
Momentum investing
The momentum effects and their persistence have been the subject of several studies [1] . Among the explanations offered, the behavioral models based on the notion of investors' under-and delayed overreaction are in the forefront. For instance, Daniel et al. (1998) suggest that the observed overreaction and underreaction in securities markets is due to two behavioral biases, namely, investors' overconfidence and biased self-attribution. Overconfident investors overvalue the accuracy of their private information, which results in overreaction in stock prices. Biased self-attribution refers to the asymmetric growth of investors' confidence when the public information is in line with their information, while in the meantime the overconfidence does not decrease proportionately when the public information contradicts their private information. Investors tend to overreact to private information and underreact to public information, which could account for the persistence of momentum.
Other behavioral attributes and dimensions are also considered. For example, Barberis et al. (1998) present a model of investor beliefs, consistent with underreaction and overreaction theories. The psychological ideas they use are the representativeness heuristic and the conservatism bias. Hong and Stein (1999) , instead of looking at individual cognitive biases, focus on the interaction between agents. Two types of agents are included in their model: "newswatchers" and "momentum traders". They pose that the cause of underreaction in the market is the gradual diffusion of information across the newswatchers, while momentum traders attempt to profit from the initial underreaction. The actions of the latter group, i.e. the momentum traders, will result in overreaction at longer horizons, and eventually prices revert back to the fundamental levels.
Another strand of the behavioral finance literature argues that investors' behavior exhibits different patterns depending on the stock markets conditions and possibly the state of the economy. A number of studies have investigated whether macroeconomic factors can explain momentum in stock prices, or whether profits to momentum strategies are different in the bull and the bear markets. For instance, Jegadeesh and Titman (1995) explore the momentum returns separately in the months when the The Center for Research in Security Prices value-weighted index is above and below the treasury bill rate. The difference between the winner and loser returns appears much higher during the upward-market months in their sample.
Defining an upward market as a non-negative lagged three-year return on the market, Cooper et al. (2004) show that the momentum profits follow the upward-market periods. Their results are also robust over the 12-and 24-month lagged returns, further confirming that the momentum portfolio has significant profits only in the upward markets before they eventually reverse to the fundamentals. Further, they demonstrate that their results are consistent with the behavioral models of overreaction of Daniel et al. (1998) and Hong and Stein (1999) . Chordia and Shivakumar (2002) analyze the determinants of the momentum profits. They show that lagged macroeconomic variables explain the price momentum effect. Another study that investigates momentum investing under alternative market conditions is by Siganos and Chelley-Steeley (2006) . They present empirical evidence that contradicts the behavioral theories of investors' overconfidence. They show that momentum profits become negative after strong market gains and momentum returns are more pronounced after down markets.
REITs and momentum investing
Few studies have investigated the profitability of momentum strategies in the REIT sector. Stevenson (2002) explores, the price continuation and price reversals of international REIT returns for 11 markets from 1977 through 2000 in their respective local currencies. His empirical results show evidence of return continuation over the short-and medium-term horizons.
REITs momentum in the US market has been studied by Chui et al. (2003a) . Their sample includes all REITs listed on the New York Stock Exchange (NYSE), American Stock Exchange (AMEX), and National Association of Securities Dealers Automated Quotations (NASDAQ) from 1982 to 1999. They test the behavioral explanation of the momentum anomaly as it relates to investors' overconfidence (Daniel et al., 1998) and to gradual diffusion of information (Hong and Stein, 1999) . Their results suggest strong evidence of momentum during the post-1990 period and support the overconfidence theory. In a separate paper, Chui et al. (2003b) examine the cross-sectional determinants of momentum returns over the same period and show that momentum effects are more prevalent among the more liquid REITs.
Using data from 1972 till 2000, Hung and Glascock (2008) investigate returns to momentum strategy in the US REITs during different market conditions. They use three-year lagged market returns to differentiate between the up and down markets as in Cooper et al. (2004) . They hypothesize that REITs momentum should be stronger during the bear markets due to their lower volatility in the down periods and high-dividend growth. However, their findings suggest that momentum returns are higher during the up markets, consistent with Cooper et al. (2004) .
Overall, the real estate literature provides evidence supporting the persistence of the momentum effects in the REIT markets, with significantly higher momentum returns during the up markets.
In this paper, we contribute to the above literature by investigating the return continuation in global REITs and examining whether the price continuation patterns present any opportunities for profitable investment strategies. In addition to the methodological enhancements that we introduce, we also test whether the momentum anomaly persists over the period of the real estate booms and their subsequent downturns, particularly in recent years.
Data descriptions, sources, and sub-samples
The data consist of monthly returns on the REITs from seven countries: Australia, Belgium, Canada, France, Japan, Korea, and the USA. The data are gathered from the Thomson Datastream for the period of January, 2000 through October, 2008. Table I presents the details, including the total number of the REITs and their breakdown by each country. After excluding the REITs with less than 30 monthly return observations, the total number of remaining REITs in the sample is 339.
Major descriptive statistics on the data are presented in Table II . Panel A reports the results over the entire sample. Canada has the highest average return, followed by Belgium. The lowest mean REIT return over the 2000-2008 periods belongs to Japan. France, Canada, and Australia exhibit higher standard deviations compared with the rest of the countries. The REIT returns exhibit skewness and a high degree of kurtosis, which suggest they could entail additional sources of risk.
JERER 3,2
To investigate further the boom and the lean times of the global REITs in our sample, we split the data into two sub-samples. To determine the breakpoint, we look at two 
Methodology
Within an iterative framework, we employ a two-step procedure. Our first step resembles and draws upon Jegadeesh and Titman (1993) . Our second step, however, departs from and is an extension of their work. We discuss each step in turn:
.
Step 1. The initial investment strategy involves forming portfolios as in Jegadeesh and Titman (1993) . At the beginning of each month t, all REIT stocks are ranked based on their return in the prior J months (ranking period) and then separated into ten portfolios where the REIT stocks in each decile portfolio are equally weighted. The stocks are ranked in ascending order of returns. Therefore, the top portfolio includes the REIT stocks with the least cumulative return ("the losers") and the bottom portfolio contains the best performing REIT stocks ("the winners"). The momentum strategy is to buy the winner portfolio and sell the loser portfolio each month t and then hold the position for K months (the holding period). The portfolios are overlapping, i.e. during any month t, the strategy is to hold positions formed during the current month as well as during the previous K 2 1 months. Consequently, at the end of each month 1/K, security weights are revised.
Step 2. To investigate which momentum investment strategy provides the maximum return within our global REIT sample, we use a genetic algorithm (GA) optimization technique. Generally speaking, the GA have important advantages over traditional optimization methods. They do not rely on point to point search, but rather on random but structured exploration in which information contained in the previous generations is selectively combined. The GA search also differs from a purely random search, since each generation of solutions evolves from the previous generation after assessing the information contained in it. An advantage of the GA is that they can be applied to a variety of differentiable, non-differentiable, and discontinuous optimization problems. This arises due to their adaptability and flexibility as direct search methods.
While there are some applications of the GAs in other fields, their use in finance and real estate is scant but is expected to grow. In the field of finance, for instance, a few variants of the GAs are employed to explore technical trading rules, index fund optimization, and portfolio selection. This paper is the first to provide an application of the GAs in the real estate field. The technical literature on the GA abounds and belongs to the fields of numerical extremization, decision sciences, artificial intelligence (AI) [2] , machine learning, scientific modeling, and most notably software designs [3] . In the ensuing paragraphs, we will provide a non-technical presentation of one of the GAs that is employed in this paper. A brief technical overview and an advanced treatment of the GA are available, respectively, in Vose (1999) and Wright et al. (2005) . Figure 2 provides a flow chart that shows an overview of the GA. It is intended to help linking some of the sub-steps and concepts that will follow. Our starting point is the raw data subjected to Step 1.
The basic vocabulary of this technique, as we pass over the algorithm, includes the following: random selection, iteration, initial-to nth-generation, candidate solution, Boom and lean times fitness, objective function, fittest-parent-elite generations, tournament selection, crossover and mutation operators, genes and offspring, and mutation rate. The application of the optimization procedure to the momentum strategy can be summarized as follows (Figure 2) . At the outset, the choice of three arbitrary parameters to establish the maximum number of iterations at two levels and the mutation rate is required. The values of these parameters evolve after some experiments with the speed of the computing environment, the size of the data employed, and the computing time required:
(1) An initial population of potential solutions is created randomly through:
. choosing the ranking and holding periods from one to eighteen months;
. forming decile portfolios; and .
calculating portfolio returns, standard deviations, and t-statistics. This is performed 100 times (iterations) to form an initial population of solutions. 
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The choice of 100 is arbitrary and is often dictated by the computing time required. The initial generation of candidate solutions, denoted as G 1 , contains 100 vectors u, which contain randomly chosen selection and holding periods. (2) The fitness of each of the potential solutions in the initial population is evaluated. The objective function, designated as f(u), is to maximize the return of the portfolio short in losers and long in winner stocks. (3) The next step involves selection of the fittest members of the population to parent the next generation of the solutions. The member of the initial population with the highest return is passed over to the next generation without any changes and is known as elite. In this study, one vector out of the 100 vectors with the highest winner minus loser (WML) return is kept without change and passed on to the next generation. Furthermore, tournament selection is used to choose parents with a strong selective pressure and they are passed through the crossover and mutation operators. Tournament selection chooses a group of vectors from the current population and picks the one with the highest value of the objective function to be a parent of the next generation. Tournament selection is one of the fastest selection methods used in evolutionary programming. (4) The offspring created through crossover and mutation becomes part of the next generation. During the crossover procedure, half of the "genes" of each of the parent solutions was crossed over and as a result, a new vector of selection and holding periods was created. (5) The mutation rate is set at 2 percent. The choice of this number is also arbitrary and is dictated by the accuracy desired in the selection process and ultimately by the computing time required. The mutation introduces random variation in the solutions. The mutation operator is useful in avoiding premature convergence to a local optimum. (6) The fitness of objective function is evaluated for each member of the generation.
The iterations are repeated for 25 generations of solutions. As in the choice of the initial number of iterations and the mutation rate, the choice of 25 is also arbitrary. Finally, the optimal ranking and holding period are chosen based on the evaluation of the objective function, when the WML portfolio has maximum return.
Empirical results
To begin our analysis of the global REIT momentum payoffs, we start with Step 1 of the methodology (Section 5). At the outset, we select a scenario that is based on a period of six months for both the ranking (R) and the holding (H) periods. We designate this scenario as R6-H6. The choice of six months is based on the findings in the prior research that support for the most part the existence of some momentum profits under the R6-H6 scenario. This choice, however, could arguably be considered arbitrary at this point and is indeed the subject of this paper. It will be addressed while implementing
Step 2 of our methodology at a later point. Next, we estimate the average returns to the winner, loser, and momentum portfolio for each country. The investment strategy involves sorting the REIT stocks on their prior six-month return and holding them for six months. Table III reports the results   Boom and lean  times for Australia, Canada, France, Japan, and the USA over the 2000-2008 periods. Korea and Belgium are excluded at this point due to their insufficient number of REITs to implement the momentum strategy. The empirical results suggest that statistically significant momentum effects are present in Australia and the USA, with the highest returns documented for Australia. The Australian momentum profits appear to be driven largely by a significant negative return of the loser portfolio. Notes: Statistically significant at the * 5 percent level or below and * * 1 percent level or below; the table presents the results of the momentum strategy using six-month formation and six-month holding periods for the portfolio construction; first, ten equally weighted decile portfolios are formed according to the REIT stock returns in the past six months; the loser decile refers to the decile portfolio with the lowest REIT stock returns in the formation period, whereas the winner decile refers to the decile portfolio with the highest REIT stock returns in the formation period; second, equally weighted average returns for each decile in the next six months are calculated; finally, the differences between the winner and loser portfolios are computed; the returns are in the local currencies; Korea and Belgium are excluded from the table due to their insufficient number of REITs; we established a minimum of 30 consecutive months of data to implement the momentum strategy Notes: Statistically significant at the * 5 percent level or below and * * 1 percent level or below; the table presents the results of the momentum strategies using six-month selection and six-month holding period, respectively; the loser decile refers to the decile portfolio with the lowest stock returns in the formation period, whereas the winner decile refers to the decile portfolio with the highest stock returns in the formation period; the differences between the winner and loser portfolios are computed; the momentum strategy is long in the winner portfolio and short in the loser portfolio; this sample includes all countries and the returns are in the local currencies Table IV . Profitability of the global REIT momentum strategies based on returns of equally weighted portfolios period, while Panels B and C show the results for the up and down real estate markets, respectively. Considering the entire sample, i.e. when the returns are calculated over the 2000-2008 periods, the momentum portfolio produces a statistically significant return of approximately 1.13 percent per month. This result is consistent with the prior studies on the medium-term continuation patterns of the REIT returns (Chui et al., 2003a, b; Stevenson, 2002) .
We now turn to the two sub-samples. As we reported in Sections 3 and 4, the finance literature has documented higher profits for the WML portfolio in the up markets, consistent with the behavioral theories of investor overconfidence (Daniel et al., 1998) and overreaction to information (Hong and Stein, 1999) . To analyze the profitability of the momentum strategy in different market states and test whether this effect persists in our global REIT sample, we test this behavioral phenomenon on the 2000-2006 and 2007-2008 sub-samples that we have constructed. The results are reported in Panels B and C of Table IV. Our findings for the global REITs are in contrast with the prior findings, particularly, for the general stock market. The momentum returns are substantially lower in the upward than in the downward markets: 0.34 percent per month in the upward compared with 4.71 percent in the downward market.
Not only the returns during the two sub-periods behave differently, but also the momentum strategy profitability of global REITs appears different compared with the general stock market. This point has been raised in a few other studies, offering a special diversification potential to the investors in the real estate sector. For example, Parhizgari and Pavlova (2010) , using dynamic conditional correlation as their base of analysis, go as far as arguing that the returns in the global REITs are even counter cyclical to the general stock market during specific time periods.
In the upward period, the magnitude of the momentum returns WML presented in Panel B of Table IV is not only small but also statistically insignificant. It is only about 0.34 percent per month. One possible explanation for the insignificant momentum return during the real estate boom period is that the majority of the global REITs experienced high positive returns during that period. Based on our sample, even the bottom decile of the REITs enjoyed positive average return from 2000 till the end of 2006. There was not much room for momentum investing under such booming returns. Another possible reason why our results differ from other momentum studies is simply because the researchers in the other studies have bundled the economic cycles together. We believe that these cycles deserve separate analysis.
The results during the REIT downturn since January 2007 are again at odds with the findings in prior studies on the general stock returns. Prior studies on the stock returns momentum document negative WML returns during the down markets, while the REITs momentum portfolio in our study has a highly statistically significant return of approximately 4.7 percent per month. This return appears to be driven by the high negative return of the loser portfolio, which is sold short and thus contributes to a large extent to the WML portfolio profitability [4] . The return to the loser portfolio (the short leg of the strategy) is approximately 9 percent per month. Additionally, the differences with the general stock market momentum profits may be attributed to our consideration of separate market states, and to the possibility of the countercyclical behavior of the real estate market that we mentioned earlier (Parhizgari and Pavlova, 2010) .
We now turn to Step 2 of our methodology, i.e. the implementation of the GA. Rather than fixing the ranking (R) and the holding (H) periods a priori at six, it is very logical to consider them as unknown variables. To test whether the above results on momentum investing are influenced by the ranking and the holding periods chosen, or alternatively, to find the optimum ranking and holding periods, we perform the GA optimization technique that is briefly discussed in Section 5. The GA searches efficiently for the optimal ranking and holding horizons that will provide the highest profits to the WML portfolio. Table V reports the results for the 2000-2008 periods and the two sub-periods. The optimal ranking and holding periods for the entire sample, i.e. one set of the output of the GA, are 11 and seven months, respectively, (Table V, Panel A). Based on our sample, the maximum momentum return over [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] period is approximately 1.27 percent per month. This is 0.14 percent per month higher than the R6-H6 strategy in our standard application of momentum investing.
The optimization results over the boom and the downturn sub-periods yield higher performing strategies relative to the R6-H6 scenario. These are achieved under the optimal ranking and holding periods of 11 and eight months in the upturn period, and 10 and three months in the downturn period. The magnitudes of the global REIT average momentum investing profits (WML) in these two sub-periods are, respectively, 0.40 and 7.13 percent per month. These measures are, respectively, 0.06 and 2.42 percent per month higher than the R6-H6 scenario. In addition, they do confirm the conclusions that we drew from Table IV under the R6-H6 scenario. There is clearly a sizeable performance gap between the upturn and the downturn period momentum profits in the global REIT market and, contrary to prior findings, the downturn momentum investing profits are significantly higher than the upturn period returns. Notes: Statistically significant at the * 5 percent level or below and * * 1 percent level or below; this table reports the results of the GA; the algorithm is set to optimize the momentum investing returns (W-L) through searching for the best ranking and holding periods; the returns of the momentum strategy in the table (W-L) present the maximum return on the W-L portfolio at each stage of the optimization process (each generation); the initial population and each subsequent population contain 100 members of candidate solutions; the REITs for all countries in the sample are included in the optimization process The highest momentum profits belong to the recent downturn (Panel C, Table V) . Most of the 7.13 percent per month is due to shorting the loser portfolio.
Summary and conclusions
In this paper, we have considered two global real estate periods that will probably be recorded in history as the most significant periods in terms of a surge and then an eventual downturn in real estate prices and returns. The first period is characterized by extraordinary growth in prices and returns, followed by the second period that will be remembered for its slowdown and then its drastic drop in prices and returns. These exceptional cycles offer great opportunities for researching several dimensions of the global real estate markets. As one of these dimensions, we have considered momentum investing strategies in the combined and in each of the cycles separately. As a representative of the global real estate markets, we have chosen the REITs of seven countries over the 2000-2008 years.
In search of the best investment strategies that the global real estate sector could offer the investors, we have drawn upon and extended the prior contributions with an evolutionary optimization algorithm. We have applied a GA to optimize the investment strategies. Our findings suggest that momentum effects have been present during the 2000-2008 periods. However, in contrast with the prior studies, momentum portfolio returns are insignificant during the boom years, but are highly significant during the downturn periods.
Viewed from a different angle, our approach contributes to the literature on the predictability of real estate securities returns over short to medium horizons. Momentum investing in essence is an educated position and strategy on the predictability of future returns. In this regard, a priori verified positions and strategies are highly valuable to real estate investors. Such positions and strategies are particularly of interest if they are the optimal ones. Our findings indicate specific ranking and holding periods for optimal momentum investing. For instance, a ranking period of ten months, coupled with a holding period of three months, has resulted in 7.13 percent per month momentum returns during the downturn period of 2006-2008. The practical implications of our findings for the real estate portfolio investors are unique. First, even though momentum effects are present globally, REITs momentum investing appears to be more profitable and more concentrated in a few countries, i.e. in the Australian and the US markets. Second, taking long positions in the winners and short positions in the losers during the boom periods in the real estate market may not necessarily be an optimum strategy. This is counter to the standard recommendation in the general stock market. Third, since the profitability of the investment strategy during the downturn is driven by the short positions in the worst performing REIT stocks, the practical implementation of such strategy will be limited if sudden short sales constraints are imposed.
Future research in the direction of this paper may entail refinements in the GA and its extension to the other dimensions of the global real estate sector. On the former, further experiments with the values of the initial parameters and a check into the sensitivity of the solutions to them are in order. On the latter, the possibilities abound. The technique may be used, for instance, to explore trading rules in REIT stocks, balancing REIT and general stock market portfolios, and maximizing rental returns.
